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Purpose 
Integration of the Rapid Prototyping environmental aspects: first focus on 
the electrical energy consumption. 
Design/methodology/approach 
Various manufacturing parameters have been tested on three rapid 
prototyping systems: Thermojet (3DS), FDM 3000 (Stratasys) and 
EOSINT M250 Xtended (EOS). The objective is to select sets of 
parameters for reduction of electrical energy consumption. For this, we 
have manufactured a part in several orientations and positions in the 
chamber of these RP systems. For each test, we noted the electrical 
   
 
 
power. Finally, we propose certain rules to minimize this electrical energy 
consumption during a job. 
 
Findings 
It is important to minimize the manufacturing time but there is no general 
rule for optimization of electrical energy consumption. Each RP system 
must be tested with energy consumption considerations under the 
spotlight. 
Research limitations/implications 
Our work is only based on Rapid Prototyping processes. Our objective is to 
take into consideration the complete life-cycle of an rapid prototyped part: 
manufacturing of raw material as far as reprocessing of waste.  
Practical implications 
To decrease electrical energy consumption for a job 
What is original/value of paper 
The environmental aspects are not studied as well as in rapid prototyping.  
Keywords: Environment, energy, electrical power, Rapid prototyping 
 
Introduction 
During the 20th century, environmental considerations aren’t taken 
into account in the life-cycle of a product. Now, under the politic and 
consumer pressure, environmental laws have appeared, the standard ISO 
14000 is used by many industries. Valorising scraps is a new argument for 
advertising and communication. 
   
 
 
The number of ISO 14000 certificates has increased the last twenty years 
and now, more than 40000 industries are certified worldwide (only 257 in 
December 95). The Product Life Management (PLM) is applied during the 
conception and the manufacturing of products.  
Rich countries have studied the major factor of pollution: the 
production of energy (Efthimeros 2000). One solution consists to develop 
a clean form of energy and to decrease consumption. For this, the 
alternative production of energy (wind turbine, solar system) is used more 
often and the productions systems are increasingly well mastered with 
regards to energy. But energy production is continuously increasing and rejecting CO2 
emissions in the atmosphere. For example, French production of various 
energies is given figure 1 (Obs 2002).  
The program “ JOULE III ” has studied this emission for European 
community (IEST 2001). In the U.S.A, a similar program, managed by the 
U.S. Department of Energy (DOE), propose solutions to greatly reduce 
atmospheric emission of CO2 (Brown 2001). 
 
Figure 1 : production of energy during 1970 - 2001 
   
 
 
Factories have improved their production systems to have lower 
electrical energy consumption. In raw material processing, plastic injection 
or machining processes, electrical energy consumption is taken into 
consideration to select the best process (Kalitventzeff 2000; Munoz 1995).  
HYDRO MAGNESIUM, a company, which makes magnesium parts, has a 
factory in Porsgrunn (Norway). They have studied their process from the 
beginning to the end and they have proposes, at each state, solution to 
reduce emissions. They have observed during the last few years, a global 
diminution of CO2 emissions in their magnesium production, which put 
them in compliance with current environmental norms (Hydro 2000). 
 
For the machining production, Srinavasan (Srinivasan 1999) propose a 
method for integrating an “ environmental factor ” in process planning. 
The cutting parameters and tools paths are optimized to reduce waste of 
different machining operations. His method is called “ Micro planning ” and 
“ macro planning ”.  
A multi-criteria analysis is developed by Pun (Pun 2003) to evaluate waste 
of plastic production. The analysis is based on survey realized with 22 
plastic injection factories.  
 
The environmental problem is beginning to take into account to determine 
a process of a mass production. For the Rapid Prototyping, waste and 
environmental aspects are not now well respected. Nevertheless, raw 
material (powder with nickel for example), process (consumption of 
   
 
 
energy) and product (post treatment, rejection) have an impact for 
environmental aspect.  
 
In this paper, we present our research based on consumption of electrical 
energy for three rapid prototyping systems : Stratasys FDM 3000, 3DS 
Thermojet and EOS EOSINT M250 Xtended.  
3DS and Stratasys are the leaders on the 2002 market for 3D printer with 
a total about 1600 systems (Wohlers 2003). The EOS system is 
representative of SLS machine used to manufacture Rapid Tooling. 
 
Protocol of tests 
For each system, we have measured electrical power when 
machines are on “ stand by ” and “ in work ”. We have also studied the 
influence of machine parameters for the manufacturing of a part. These 
parameters are listed below:  
- Orientation, position and height of the part, 
- Thickness of the layers and manufacturing strategies, 
- Design and quantity of support generated, 
- Manufacturing time. 
 
We have defined a part for these tests: it is a part with three unequal 
length orthogonal branches (figure 2). Like this, the different orientations 
of the part generate more or less quantity of support. The different 
   
 
 
positions allow having a Z axis construction with different values: 20, 30 
or 40 mm. 
We propose 18 positions for the manufacturing of the part. Each position 
is suitable for testing the parameters and for having information about the 
manufacturing time and the electrical energy consumption (figure 3). 
 
These 9 positions create few volume of support. Position 10 to 18 is the 
same with an Y 180° rotation. These positions create more support. For 
example, position “ 16 ” is represented figure 4. 
 
 
 
 
 
 
Figure 2 : part definition 
   
 
 
 
 
 
 
 
 
 
REPERE 
TABLE 
POSITION 1 
 
POSITION 9 
 
POSITION 8 
 
POSITION 7 
 
POSITION 6 
 
POSITION 5 
 
POSITION 4 
 
POSITION 3 
 
POSITION 2 
 
Figure 3 : the various positions  of the part. 
Figure 4: Position 16 
   
 
 
Results and discussion 
THERMOJET: 
Electrical power for “ stand by ”: 
 
 
There are 3 curves on Figure 5: Max, Min and average value. We can note 
that curves have some irregularities: It is due to the thermal cycle of the 
Thermojet, which continuously controls the temperature of wax. 
On figure 5, the average value is 0.69 kW. 
Electrical power for “ in work”: 
  
The average value is 0.88 kW (figure 6). The difference with the stand by 
power is 0,19 kW or 27,5 %. The difference is slight because the 
Figure 6: Thermojet system, electrical power for « in work » 
Figure 5 : Thermojet system, electrical power for « stand by » 
   
 
 
Thermojet keep the manufacturing chamber at a constant temperature 
during the stand by.  
 
Manufacturing of the part: 
The manufacturing time of each position is given table 1:  
 
Manufacturing 
time 
% 
Electrical energy 
consumption for 
job (kWh) 
POSITION 1 2h20min43s 0 2,1 
POSITION 2 2h21min09s 0,31 2,1 
POSITION 3 2h21min22s 0,46 2,1 
POSITION 4 3h23min08s 44,36 2,9 
POSITION 5 3h23min23s 44,53 2,9 
POSITION 6 3h21min49s 43,42 2,9 
POSITION 7 4h18min55s 84,00 3,8 
POSITION 8 4h20min00s 84,77 3,8 
POSITION 9 4h19min35s 84,47 3,8 
POSITION 10 2h20min43s 0 2,1 
POSITION 11 2h21min09s 0,31 2,1 
POSITION 12 2h21min23s 0,47 2,1 
POSITION 13 3h23min09s 44,37 2,9 
POSITION 14 3h23min23s 44,53 2,9 
POSITION 15 3h21min49s 43,42 2,9 
POSITION 16 4h18min55s 84,00 3,8 
POSITION 17 4h20min00s 84,77 3,8 
POSITION 18 4h19min35s 84,47 3,8 
 
The position of the part has a very minor effect on manufacturing time 
(see 1, 2, 3 results and 4, 5, 6 results for example, table 1).  
We can observe that the support does not increase time (see 1 and 10 
results or 2 and 11 results). In fact, the deposit wax head have the same 
movement whatever the geometry of the layer of the part.  
NB: The support increase consumption of raw material… 
For the Thermojet, only the “ Z ” height of the part is important for the 
manufacturing time and consequently, for energy consumption. 
Table 1 : Results for Thermojet system 
   
 
 
FDM: 
Electrical power for “ stand by ”: 
 
 
The average value for “ stand by ” is given on figure 7. We read 5,3 KW 
with a factor x10 (to increase accuracy of the curves) .So, the electrical 
power is 0,53 kW.  
In figure 8, we open the door of the FDM for 5 s. We can observe a 
stop of heating system during the opening. After, the heating cycle is in 
progress up to 65°C and the temperature is stabilized over 65°C.. 
In this case, the electrical power increases to 1,32kW (+249 %). 
Figure 7 : FDM system, electrical power for « stand by » 
Figure 8 : electrical power (door open) 
   
 
 
Electrical power for “ in work”: 
 
 
For each position of the part, we have obtained the same average 
electrical power: 0.57 kW (figure 9). This value is only 7.5 % more than 
the “ stand by ” value. As mentioned for the Thermojet, the principal 
electrical power is due to the heating system of the machine. 
Motorizations and printer head have a minor effect on electrical power. 
 
We have also tested the different strategies proposed by Stratasys to 
manufacture the part. The “ solid double wide ” strategy has exactly the 
same consumption. However, this strategy requires more raw material 
than the first strategy employed. 
 
Supports of the parts are eliminated in a ultrasonic container which 
contain hot water (70°C) with supplement. The electrical power is 0,5 kW 
(figure 10). 
 
 
Figure 9 : FDM system, electrical power for « in work » 
   
 
 
 
Stratasys recommend to immerse part 8 hours in this container for 
cleaning all the support. Like this, the electrical energy consumption for 
cleaning a part is 4 kWh. 
 
Manufacturing of the part: 
We have also tested 18 positions to manufactured the proposed part 
(table 2):  
 
During 
time of 
the job 
(min) 
Vol 
d'ABS 
(cm
3
) 
Vol of 
support 
(cm
3
) 
% (time) 
% of 
ABS 
% of 
support 
Electrical 
energy 
consumption 
kWh 
POSITION 1 56 7 0,59 3,70 92,23 7,77 0,5 
POSITION 2 54 6,72 0,59 0,00 91,93 8,07 0,48 
POSITION 3 56 7 0,59 3,70 92,23 7,77 0,5 
POSITION 4 61 7,14 0,49 12,96 93,58 6,42 0,57 
POSITION 5 60 6,9 0,49 11,11 93,37 6,63 0,56 
POSITION 6 61 7,14 0,49 12,96 93,58 6,42 0,57 
POSITION 7 65 7,05 0,41 20,37 94,50 5,50 0,6 
POSITION 8 63 6,75 0,41 16,67 94,27 5,73 0,58 
POSITION 9 65 7,05 0,41 20,37 94,50 5,50 0,6 
POSITION 10 84 7,13 1,97 55,56 78,35 21,65 0,8 
POSITION 11 82 6,93 1,93 51,85 78,22 21,78 0,78 
POSITION 12 84 7,13 1,97 55,56 78,35 21,65 0,8 
POSITION 13 111 7,14 2,61 105,56 73,23 26,77 1,05 
POSITION 14 107 6,82 2,46 98,15 73,49 26,51 1,01 
POSITION 15 109 7,14 2,41 101,85 74,76 25,24 1,03 
POSITION 16 133 7,13 2,69 146,30 72,61 27,39 1,25 
POSITION 17 130 6,85 2,62 140,74 72,33 27,67 1,22 
POSITION 18 133 7,13 2,7 146,30 72,53 27,47 1,25 
 
Figure 10: Ultrasonic container 
Table 2 : Results for FDM system 
   
 
 
The part manufactured with the position 2 decreases the energy 
consumption over 3% against positions 1 and 3. 
It is due to the strategy of manufacture design by Stratasys: The 
computer calculates the longest diagonal of the part and begins the 
manufacture at this straight line. For the tested parts, these positions 
allow to obtain part a little more quickly (figure 11).  
“take in figure 11” 
 The same phenomena are visible to position 5 (against positions 4 
and 6), position 8 (against positions 7 and 9), position 11 (against 
positions 10 and 12), position 14 (against positions 13 and 15) and 
position 17 (against positions 16 and 18). 
For the FDM, the height (along Z axis) is not the principal parameter of 
the electrical energy consumption, it increase only to 20 % (See position 1 
against position 7, the part is build without support). The support is the 
major parameter, the manufacturing time (and the electrical energy 
consumption) increase to 108 % (See position 9 against position 18). 
 
EOS : 
Electrical power for “ stand by ”: 
The LASER is kept at a constant temperature (20°C). Each peak is 
corresponding with each run of cooler unit (figure 12).  
The average electrical power, including these peaks is 2 kW. 
“take in figure 12” 
 
   
 
 
Electrical power for “ in work”: 
“take in figure 13” 
 
When a part is manufactured, the electrical power increased 
consequentially. The average electrical power increase is 4 kW (average 
for 4 hours of manufacturing) (figure 13). This increase is due to the 
LASER and its cooler unit. 
 
Manufacturing of the part: 
These results are similar to the Thermojet results. The principal parameter 
is the height of the manufactured part (table 3).  
 
“take in table 3” 
 
We can also note that supports have not a lot of influence on 
electrical energy consumption (only 4% more, see positions 4 and 13, or 7 
and 16).  
There is absolutely no difference between the positions 1,2 and 3 (id 
for 4,5 and 6, etc..), only Z axis positioning is important. 
These results are essentially due to the conception of the machine: the 
speed of the LASER displacement is 300mm/s and there are 22 seconds of 
waiting between 2 layers (time to prepare the following layer with the 
scraper). So the manufacturing time is decomposed in a long waiting time 
and a short laser sintering time.  
   
 
 
 
For the same reason, the different strategies proposed by EOS have 
no influence on the electrical energy consumption. For example, table 4 
give us a result for a part manufactured in position 1 with another 
strategy. There is only 1% difference. 
“take in table 4” 
 
Conclusion 
The following table 5 summarises the influence of the various parameters 
for each rapid prototyping system. We have classified this influence in 3 
levels: no influence, moderate influence and big influence: 
 
“take in table 5” 
 
The manufacturing time is the most important parameter because the 
electrical power of each rapid prototyping system is approximately 
constant during the job. In fact, the electrical energy consumption is 
directly dependent with the duration of the job.  
To minimize the electrical energy consumption, manufacturing time must 
be minimized. This one is a function of different parameters: 
 For the Thermojet and EOS, the height of the part must be 
minimized, 
 For the FDM, it is the volume of support which be minimized. 
   
 
 
 
The following table 6 gives electrical power and electrical energy 
consumption when Rapid Prototyping systems are on “stand by” and “in 
work”.  
 
“take in table 6” 
 
We can observe, for the tested part, an important difference of 
consumption between the minimum and the maximum (up to a factor 2,6 
for FDM and 1,75 for EOS). 
With good set of parameters, it is possible to save 45% of electrical 
energy for the Thermojet, 61% for the FDM and 43% for the EOS. 
 
This study is based only on the process. The following work is on the 
manufacture of raw material and the reprocessing of rejects of these rapid 
prototyping systems: 
 What is the environmental effect of the manufacturing of 
powder for RP systems? 
 How are used parts reprocessed?  
 And finally what is the global impact for environment for a 
complete Rapid prototyped part?  
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